graphitic particles throughout. the Arctic troposphere. Vertical profiles in the Norwegian Arctic can show both a strongly layered structure and an almost uniform distribution. Concentrations of graphitic particles w~thin layers can be as large as those found in typical urban areas in the United States.
The absorption optical depths associated with these vertical profiles are large enough to cause a substantial change· in the solar radiation balance over a highly refle~ting surface.
The phenomenon of Arctic haze, first reported by Murray Mitchell in the mid-1950's, is due to small aerosol particles that both scatter {Bodhaine et al., 1981) and absorb solar radiation {Rosen et al., 1981; ~eintzenberg, 1982; Patterson et al., 1982) , leading to substantial optical depths (Shaw, 1981) . From both trace element analysis (Rahn and McCaffrey, 1980; Barrie et al., 198L) and direct identification of large concentrations of combustion-generated graphitic carbon particles {Rosen in the Arctic atmosphere, it is known that the Arctic haze has a major combustion-derived component.
-1 - December 20, 1983 This component has a large optical absorption cross-section {-10 m2/g) in the solar spectral region and could lead to significant heating effects over the high surface albedo polar icecap{Shaw, 1981; Porch and MacCracken, 1982; Cess, 1983) . , 1978; Yasa et al., 1979) and theoretically However, it may also be indicative of changes in the vertical distribution that have occurred after the air mass has reached the Arctic.
Recent modeling studies of the possible effects of the Arctic haze on the radiation budget of the Arctic indicate rather substantial changes in the heat balance if the optical depth due to absorption is sufficiently large (Porch and MacCracken, 1981; Cess, 1983) . One can calculate absorption coefficients and optical depth from the results shOWll in Figs. 1 and 2 for various models of the Arctic aerosol. In these models, it is important to distinguish between graphitic particles mixed internally or externally with the other nonabsorbing components. Ackerman and Toon (1981) showed that such differences can lead to significant changes in aerosol absorption. We will consider three examples:
Model 1. Graphitic carbon particles internally mixed with all the major submicron aerosol components (i.e., sulfates, organics).
Model 2. Graphitic carbon particles internally mixed with only submicron organic aerosol components.
Model 3. Graphitic carbon particles externally mixed with the other aerosol components.
-5- December 20, 1983 Of these three, the first two are the most likely combinations. For these, we treat the particles as homogeneous spheres and mix in the various components by volume mixing of dielectric constants (Chylek et al., 1981) . In these Mie calculations the indices of refraction of graphitic carbon were chosen to be 1.94-Q.66 i (Ackerman and Toon, 1981) , with a density of 1.5; and the index of refraction of the nonabsorbing components was taken to be 1. These optical depths reported here are large enough to produce significant changes in the radiation balance over a highly reflecting surface (Porch and MacCracken, 1981; Cess, 1983) . This is illustrated by the calculations of Porch and MacCracken (1981) and of Cess (1983) , who have· modeled the Arctic aerosol for an absorption optical depth of 0.021 (which is close to our minimum estimate), cloud-free condi~ions, a zenith angle of 72°, and a surface albedo of 0.8. For these parameters, they obtain a change in the noontime solar radiation balance at the top of the troposphere of about 20 W/m2. When averaged over the day for March 15 at 70°N, the increase by about 7 W/m2
surface-atmosphere energy absorption would (Porch and MacCracken, 198l; Cess, 1983) .
These changes are substantial and would correspond to an increase in the energy absorbed by the earth-atmosphere system of approximately 5% of the incident solar flux at the top of the troposphere. Correspondingly larger changes would be expected for the internally mixed aerosol December 20, 1983 ~odels.
These first estimates of the effects of graphitic carbon on the .or
